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eceived 31 March 2011Achieving social acceptance and avoiding rejection by
eers are strong motivational goals during development,
articularly during the period of adolescence (Sebastian
t al., 2010). Autism spectrum disorder (ASD) is a devel-
pmental disorder characterised in part by problems with
ocial interaction. Individuals with high-functioning ASD
eport a desire for friendship (Frith, 2004); however, they
lso experience greater levels of loneliness (Bauminger and
asari, 2000) and bullying from peers (Van Roekel et al.,
010) than do their typically developing (TD) peers, most
ikely due to poor social skills. Only a small number of stud-
es have addressed how individuals with ASD experience
ocial rejection. Three studies in the current issue address
his question in children and adolescents with ASD.
One previous experiment (Sebastian et al., 2009)
nvestigated reactions to rejection in high-functioning
SD, using an experimental social rejection manipulation
aradigm known as ‘Cyberball’ (Williams et al., 2000).
his is a computerised ball tossing game in which par-
icipants can be systematically included or excluded from
he game by other ‘players’ whose actions are actually
re-programmed by the experimenters. Adolescents with
SD and TD matched controls (mean age 16.9 years) were
DOIs of the original articles:10.1016/j.dcn.2011.01.004,
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oi:10.1016/j.dcn.2011.03.006ﬁrst included by the other players, and then excluded
(rejected). Before playing Cyberball, and then after inclu-
sion and exclusion conditions, participants rated their
levels of social distress, current anxiety and mood. Both
ASD and TD participants reported increased distress fol-
lowing rejection; however, only TD participants reported
lower mood compared with baseline and inclusion con-
ditions. This suggested that, while social distress during
rejection is largely preserved in ASD, some differences do
exist. As no physiological measures were taken, it was not
possible to determine whether the mood effect was due
to group differences in the experience of social rejection,
or due to poor interoceptive awareness in the ASD group,
which might have prevented these participants from accu-
rately reporting lowered mood (Ben Shalom et al., 2006;
Silani et al., 2008). A related point is that it is not pos-
sible to know how self-report measures about mood and
anxiety are understood by individuals with ASD. They
might be reporting what they believe is expected of them;
or they might have learned that social exclusion is ‘bad’
and answer the self-report questions accordingly. Thus,
differing cognitive processes might underlie similar self-
reported responses.
The possibility that physiological factors may  under-
lie differential behavioural responses to social rejection
and acceptance in ASD was  investigated in a recent study
by Andari et al. (2010).  This study found that intranasal
administration of oxytocin normalised otherwise atypical
responses during a modiﬁed Cyberball paradigm in adults
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with ASD. Without oxytocin, and in contrast to TD con-
trols, participants with ASD did not differentiate between
players who included or excluded them in terms of the
number of balls participants threw to the other players,
or on self-reported measures of trust and preference. Fol-
lowing oxytocin administration, however, a preference for
players who included the participant emerged. Oxytocin
modulates the function of a wide network of socioaffec-
tive brain regions (Kirsch et al., 2005; Baumgartner et al.,
2008), and it is possible that there are neural differences
in the processing of social rejection cues between ASD and
control groups. However, the precise neural underpinnings
of these effects were not addressed directly. In the current
issue of DCN, three studies used neuroimaging methods to
address directly the question of whether the neural bases of
responses to rejection differ between children/adolescents
with ASD and TD controls.
Masten et al. (in this issue) report an fMRI study in
which they compared neural responses to social rejection
in 19 high-functioning adolescents with ASD (mean age 14
years) and 17 TD controls (mean age 13.6 years). In previous
fMRI studies using the Cyberball paradigm, TD adolescents
have shown neural responses to rejection in brain regions
associated with affective distress (subgenual anterior cin-
gulate, anterior insula), and affect regulation (ventrolateral
PFC, ventral striatum) (e.g. Masten et al., 2009; Sebastian
et al., in press). The current study replicated these ﬁnd-
ings in TD adolescents, and found attenuated responses to
exclusion in these regions in the ASD group. However, in
line with our previous behavioural study, self-reported lev-
els of distress following rejection were equivalent across
groups.
A similar result was reported by McPartland et al. (in
this issue),  in which event-related potentials (ERPs) were
used to explore the temporal dynamics of neural responses
to rejection during Cyberball in 20 high-functioning chil-
dren and adolescents with ASD (mean age 10.2) and 34
TD controls (mean age 11). In line with our previous study
(Sebastian et al., 2009) and with Masten et al., both groups
reported similar levels of distress following rejection. How-
ever, the ERP data revealed group differences in neural
processing during the games. In response to rejection
events (relative to ‘not my  turn’ events within the inclu-
sion condition), the TD group showed an enhanced late
slow wave negativity over medial-frontal scalp electrodes
which correlated with self-reported mood and distress.
The ASD group did not show this response, but in contrast
showed attenuation of an early frontal positivity (P2) com-
ponent. As the frontal P2 is associated with selective visual
attention (Key et al., 2005), the authors suggest that its
attenuation in the ASD group may  reﬂect reduced engage-
ment of attentional resources during rejection, although it
is not clear why this should be the case. Thus, it may  be that
differing neural strategies underlie similar self-reported
reactions to negative social situations in ASD, and that dif-
ferent cognitive strategies underlie similar behaviour (at
least as measured by self-report).In the third study, Bolling et al. (in this issue) used
fMRI to compare neural responses to social rejection and
reactions to rule violation in 24 high-functioning individu-
als with ASD (mean age 12.81) and 24 age- and IQ-matchedognitive Neuroscience 1 (2011) 256– 259 257
controls (mean age 12.83). Since individuals with ASD
exhibit restricted and repetitive behaviours, Bolling et al.
hypothesised that self-reported distress following rejec-
tion in ASD may  be driven by reactions to rule violation
(in that participants expect to be thrown the ball, but are
not (Somerville et al., 2006)), rather than by social distress.
Social rejection was manipulated using an adapted version
of Cyberball, while a comparable game without an exclu-
sionary element (Cybershape) was  used to probe responses
to rule violation. In line with predictions, and replicating
the ﬁndings of Masten et al. (in this issue),  the right insula
and ventral ACC were hypoactive in response to social
rejection in children and adolescents with ASD (relative
to controls). Interestingly, participants with ASD found the
rule violation condition more distressing than did TD par-
ticipants and also showed increased activity in response to
rule violation (relative to controls) in a more anterior region
of the right insula and in dorsal PFC. Previous studies have
shown hypoactivation of the anterior insula during social
cognition tasks in ASD (Di Martino et al., 2009). However,
the authors conclude that this region is not deﬁnitely dys-
functional in ASD, but that the context in which it responds
may  differ between ASD and TD individuals.
Overall, what have we  learned from these three new
studies? First, the behavioural data across all three stud-
ies replicate the ﬁndings from our behavioural study
(Sebastian et al., 2009): individuals with ASD and TD con-
trols report comparable levels of distress (using written
self-report questionnaires) following social rejection in the
Cyberball game (although since self-report can be suscep-
tible to biases and expectation, alternative explanations
cannot be ruled out). Second, the three studies suggest
that, despite similarities at the self-report level, the way in
which social exclusion is processed at the neural level dif-
fers between ASD and TD groups. Results across the three
studies are broadly consistent in showing hypoactivity in
regions associated with social distress and its regulation in
ASD. This may  relate to our previous ﬁnding of reduced
effects of social exclusion on mood in ASD. Speciﬁcally,
reduced or atypical neural processing of social rejection
may  have contributed to the observed lack of self-reported
mood modulation in ASD (although an additional role for
reduced introspective ability cannot be ruled out).
What could explain the apparent dissociation between
self-reported distress and other affective indices including
mood (our previous study), trust and preference (Andari
et al., 2010) and responses to rejection in affective brain
regions (the three current studies)? The study by Bolling
et al. provides an interesting insight. Results from the
Cybershape rule violation paradigm found that participants
with ASD found the rule violation condition more distress-
ing than did TD participants. Since the exclusion condition
in Cyberball also includes an expectation violation compo-
nent, it may  be that rule violation, rather than the social
nature of the rejection, is driving self-reported distress in
the ASD group. Thus, the pattern of similar self-reported
distress in the context of differing neural responses to social
rejection may  reﬂect differing (but no less acute) sources
of distress between the two groups.
However, we  would suggest that, while rule violation
may  provide an additional source of distress during social
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ejection in ASD, social responses to rejection seem to
e at least partially preserved. This is suggested by the
peciﬁcally social nature of the Need Threat questionnaire
Williams et al., 2000) used to assess distress following
xclusion in all the above studies (typical items ask partic-
pants to rate the extent to which they felt they belonged
o the group, or felt liked by other players). Additionally,
here is evidence that adolescents with high-functioning
SD report higher levels of social anxiety than their TD
eers (Kuusikko et al., 2008), more depression generally
Hill et al., 2004), and that those reporting low levels
f peer group membership also report higher levels of
epressive symptoms (Hedley and Young, 2006). These
ffects are unlikely to be due to solely non-social aspects
f the rejection experience, although the possibility that
 general feeling of non-social distress could be picked
p by social questionnaires cannot be conclusively ruled
ut without further empirical study. Additionally, since it
s unknown whether self-report measures used in these
tudies were understood in the same way by both groups,
uture research should aim to investigate how individuals
ith ASD understand the meaning of words like distress,
nxiety and mood.
There are certain methodological aspects of the Cyber-
all paradigm that differ between studies and that warrant
urther discussion. For example, in two of the studies
Masten et al. and McPartland et al.), participants played
wo relatively long games of Cyberball in a ﬁxed order
inclusion followed by exclusion), whereas Bolling et al.
sed short, alternating blocks of inclusion and exclusion.
he former method increases ecological validity at the
xpense of experimental control, while the reverse is
rue for the latter method (see Sebastian et al., in press,
or a discussion of these issues). Encouragingly, results
rom the three studies are consistent with each other
nd with previous neuroimaging studies of social rejec-
ion in adolescence, which have themselves used a variety
f methods (e.g. Bolling et al., 2011; Masten et al., 2009;
ebastian et al., in press). This suggests that these varied
ask designs tap the same underlying neural circuitry sub-
erving both affective and regulatory responses to social
ejection.
It is worth noting that all studies investigating social
ejection in ASD to date have studied high-functioning
ndividuals only, and therefore applicability to lower-
unctioning ASD is unknown. Additionally, the three
urrent studies did not take self-report measures follow-
ng inclusion or at baseline (before playing Cyberball), and
o it is unknown whether levels of distress and mood were
omparable between groups before exclusion took place.
his may  at least partially explain some inconsistencies
etween studies; for example McPartland et al. did not
nd group differences in mood following exclusion, which
ight appear to contradict our previous study. However,
ur study also showed no group difference in mood rat-
ngs following exclusion; rather, a signiﬁcant decrease in
ood between baseline/inclusion and exclusion conditionsn the TD group was not seen in the ASD group. It is impor-
ant to note that these issues do not affect interpretation of
he neuroimaging data, since all studies contrasted neural
esponses to exclusion with inclusion.gnitive Neuroscience 1 (2011) 256– 259
An interesting implication of these three studies is
that the use of neuroimaging methods can extend our
understanding of behaviour in clinical groups beyond that
provided by behavioural studies alone. These additional
insights into differing social processing mechanisms in ASD
might ultimately inform intervention strategies. Of speciﬁc
relevance to social rejection, such interventions should aim
to boost coping skills when social rejection occurs – this is
an ambitious goal, and of course not only relevant to indi-
viduals with ASD. The current studies suggest that it may  be
preferable to address the causes and consequences of social
rejection obliquely. For example, the study by Bolling et al.
suggests that it might be particularly fruitful to direct cop-
ing strategies towards regulating distress associated with
rule violation or perceived unfairness. The ability to man-
age the resulting frustration and distress could then feed
into efforts to improve reciprocal social interaction skills.
In summary, the picture is more complex than a case
of responses to rejection simply being either ‘preserved’ or
‘deﬁcient’ in ASD. It appears that, while the self-reported
effects of social rejection are similar between individu-
als with ASD and typically developing controls, the neural
circuitry involved in the typical response to rejection (com-
pared with inclusion) is hypoactive in ASD. Since these
effects were seen in both affective and regulatory regions,
it would be interesting to explore whether connectivity
between these regions is also altered in ASD. Addition-
ally, while all studies to date have relied on self-report
data, future studies should supplement this with physio-
logical measures such as skin conductance response (Ben
Shalom et al., 2006), heart rate (Gunther Moor et al., 2010)
or pupillometry (Silk et al., in press). The current stud-
ies signiﬁcantly extend our understanding of responses to
rejection in ASD, and may  facilitate the development of
strategies for coping with social rejection and improving
social skills in this population.
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